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ABSTRACT

Vanilla plants are CAM plants and are very sensitive to direct sunlight, so vanilla plants need shade trees as shade plants
to reduce the intensity of sunlight. Research on the physiological characteristics of vanilla plants on various types of shade
plants was carried out to finding out the influence of types of shade plants on the physiological characteristics of vanilla
plants. The research was conducted using a randomized completely block design with four groups. Planting was carried
out using four types of shade plants, namely Gliricidia sepium, Syzygium aromaticums, Erythrina variegata and Leucaena
leucocephala plants. To determine microclimate conditions, temperature, air humidity and sunlight intensity were
observed three times a day (morning, afternoon and evening). Physiological observation parameters include content of
chlorophyll A, chlorophyll B levels, total chlorophyll, proline, relative water content. The results of the research showed
that temperature, air humidity and the intensity of sunlight received are different for each type of shade plant. Types of
shade plants significantly influence content of chlorophyll A, chlorophyll B, total chlorophyll, proline and relative water
content. The conclusion was the type of shade plant affects the microclimatic conditions of the vanilla plant, thereby
influencing the physiological properties of the vanilla plant.
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INTRODUCTION

Vanilla plant (Vanilla planifolia Andrews) is a tropical plant and widely
cultivated in Madagascar, Indonesia, China and Mexico (Rahman et al., 2019).
Vanilla plants can grow optimally at temperatures between 20 and 30 ° C
(Parada-Molina et al., 2022), minimum rainfall 2.000 mm per year (Fouché &
Jouve, 1999), air humidity 65 - 75 % (Tombe et al., 2001), sunlight intensity
30 - 50 %, air humidity 60 - 75 %, dry months 2 - 3 months and wet months
7 - 9 months (Rosman, 2015).

Vanilla plants are very sensitive to direct sunlight, so vanilla plants need a

shade plant to reduce the intensity of sunlight. Excessive shading on vanilla




plants can be destructive, vine stems become small, susceptible to disease
(mildew and root rot) and vyields drop (Fouché and Jouve, 1999). Land and
climate suitability, especially light intensity, is very important so it needs
adjustment of land, climate, and cultivation technology measures (Rosman,
2020).

Vanilla plants can perform phytosynthesis effectively and grow at a

sunlight intensity of 300-800 pEm™?s™! whereas only plants that receive a light

intensity of 600-800 WE m™2s-1 are able to effectively transport accumulated
carbon into the fruit structure. Therefore the productivity of vanilla plants is

greatest at light intensity 600-800 ME m™2s™1, while at sunlight intensity 300-600

HE m™2 s is found to support vegetative growth. Sunlight above 800 JE m™2s™!

decreases plant productivity. The increased intensity of sunlight causes the
accumulation of proline and carotenoids in vanilla plants to increase. The
mechanism of using protective plants to reduce the intensity of sunlight is not
enough to protect vanilla plants from photoinhibitor damage. This is indicated
by high levels of lipid peroxidation and malondialdehyde (MDA) levels, low
chlorophyll content and low plant productivity when exposed to sunlight above
800 pE m2s’l. The use of protective trees as shade plants with good
development will be able to reduce the side effects of photoinhibition (Puthur,
2005). The quantum photochemical yield of PSI and PSII of vanilla plants was
mostly reduced in the afternoon compared to the morning. This suggests that
CO:z assimilation is very low in the afternoon. Meanwhile, non-photochemical
quantum in PSII and PSI increased markedly to protect PSI and PSII (Wang et
al., 2022). The high relative due to excessive shading decreased yield of Vanilla
planifolia (Andrade et al., 2023).

Vanilla plants do not require full sun (shade-loving plants) (Supriadi et al.,
2014). Protective plants on vanilla plantings are absolutely necessary. The types
of protective trees used on vanilla plants are so diverse that they will affect the
intensity of sunlight the plant receives. Protective plants that meet the
requirements are Gliricidia sepium, Erythrina variegata, Leucaena leucocephala
(Henuhili, 2004). The vanilla plant is a CAM plant. High solar radiation can inhibit

the process of photosynthesis and the growth of vanilla plants. However, in the




long term vanilla plants show higher photosynthesis and growth at intermediate
radiation levels (Moreno & Gantiva, 2017). In CAM plants, stomata open at night
when conditions are relatively cold and moist. PEP carboxylase is react at night,
binding inorganic carbon to C4 acid which is saved in big vacuoles. At noon, the

stomata close to save water, and the C4 acid is decarboxylated, emit CO2 which

after that fixed by Rubisco in C3 photosynthesis phatway.

Light quality has an main role in photosynthesis and plant morphogenesis.
The physiological response of plants to light quality varies depending on growing
conditions (Kwak et al., 2011). At an altitude of 825 m asl, vanilla plants
produce better generative growth and vanilla yield components, but vegetative
growth decreased. Climatic conditions around the plant, especially sunlight
intensity, air temperature, and the cause may be due to different nutrients soil
nutrients (Supriadi et al., 2014). The flowering of Vanilla planivolia required
strong sunlight (Kitai & Lahjie, 2016). The research results showed that blue
color light with a wavelength of 460 nm and red color light with a wavelength of
660 nm markedly improved stem elongation and chlorophyll synthesis of vanilla
plants. Blue light markedly improves root elongation, number of roots and
number of leaves of vanilla plant (Ramirez-Mosqueda et al., 2017).

Vanilla plant can adapt to their light environments through morphological
and physiological characteristic (Zhang et al., 2018). Changes in the absorption
of sunlight by plants result in morphological and physiological changes.
Adjustment to the leaves is carried out through filtration effect, light distribution
and adaptation to environmental conditions. The difference in the content of
chlorophyll in shaded and unshaded plants makes the change photosynthesis
photon flow density. The transmission of light is carried out through vacuoles to
shorten the distance that electrons must travel in the electron transfer chain.
Physiological acclimatization is done by changing the chlorophyll arrangement
and PSII/PSI ratio. Sheltered plants have a high PS II/PSI ratio and a/b
chlorophyll ratio to increase the light-capture complex for more efficient
photosynthesis (Yustiningsih, 2019). Shade conditions can improve gas
exchange, reduce leaf temperature and promote chlorophyll synthesis (Gomez-
Bellot et al., 2023).




MATERIALS AND METHODS
a. Time and Place of Research :

The research was carried out on vanilla farmer land in Sinogo, Pagerharjo,
Samigaluh, Kulonprogo from May to November 2023.

b. Research Materials and Tools:

The ingredients used in this experiment were vanilla plants, toluent, 80%
alcohol 3% sulfosalicylic acid solution, ninhydrin acid, glacial acetic acid,
phosphoric acid, aguades, NaOH, 70% alcohol. The tools used in this experiment
are scales, lux meters, thermometers, hygrometers and spectrometers.

c. Experiment design

The study was carried out with a randomized completely block design with
4 blocks. Treatment is a type of shading plant which includes 4 types of shade
trees namely Gliricidia sepium, Syzygium aromaticum, Erythrina variegata and
Leucaena leucocephala. The number of plant samples was 5 plants on each
different type of shade tree. The physiological parameters observed include
content of chlorophyll A, chlorophyll B, total chlorophyll, proline and relative
water content. Data analysis was carried out using analysis of variance (ANOVA)
at the level of 5% and next with Duncan Multiple Range Test (DMRT) and
correlation regression analysis. Measurements of sunlight intensity, temperature
and air humidity under the canopy of shade trees were carried out daily for each
plant sample. The time of measurement of light intensity, temperature and air
humidity is 6.00, 12.00 and 18.00.

1. Chlorophyll
Chlorophyll content were observed by taking samples of leaves that had
opened completely. Chlorophyll was extracted from fresh leaves using 80%
acetone and filtered, then read with Spectronic 21 at wavelengths of 645 and
663 nm according to Lichtenthaler (1987).

2. Proline
Proline content were measured using a modified method (Bates, et al. 1973).
The plant material to be measured is leaves that have opened completedly.
The leaves are mashed with a grinder, taken as much as 0.5 g then finely
ground with mortar in a 3% sulfosalicylic acid solution as much as 10 ml. The

impact results are filtered with Whatman 2 filter paper. A solution of ninhydrin




acid is prepared by heating 0.50 g of ninhydrin in 30 | of glacial acetic acid
and 29 ml of 6 M phosphoric acid until the solution is mixed. As much as 0.5
m! a filtrate was reacted with 2 ml of ninhydrin acid in a test tube, then shaken
and heated at 100 °C for one hour. The mixture was extracted with 5 ml of
toluene then cornered with a stinger for 15 seconds. After about 24 hours, the
absorbent separates at the top and is then aspirated with a pipette. The
absorbent of the solution is read spectronic 21 D at a wavelength of 520 nm.
3. Relative Water Content

The relative water content of the leaves is observed by measure the fresh
weight of the sample leaves, then the leaves are saturated in water for 24
hours and weighed to get the turgid weight. After soaking, the samples were
dried quickly with filter/tissue paper and immediately weighed to get fully
turgid weight (TW). Samples are then oven dried at 80°C for 24h and weighed
to obtain dry weight (DW).

The relative moisture content (RWC) is calculated by the formula:

fresh weight — dry weight
RWC (%) = ———— S — 1)
turgid weight — dry weight

RESULTS AND DISCUSSION

a. Microclimate of vanilla plants

Vanilla plants should use shade to reduce the intensity of sunlight. The
influence of shade plants has different influences on the parameters of

temperature, air humidity and sunlight intensity (Table 1).

Table 1. Microclimate Data on Various Shade Plants

Intensity of
Types of Shade Temperature (°C) Air Humidity (%) sunlight (%)
Gliricidia sepium 29 75 62
Syzygium aromaticum 25 67 59
Erythrina variegata 25 65 31
Leucaena leucocephala 25 67 49

Vanilla plants require a sunlight intensity of 30-50% (Fouché and Jouve,
1999), temperature 20-30 °C and humidity 65 - 75 % (Tombe et al., 2001). The
results of measurements of microclimate conditions show differences in

temperature, air humidity and sunlight intensity. The use of shading plants




already the requirements for growing temperatures because temperatures range
from 25 - 29 °C- The temperature is highest in the shade of Gliricidia sepium,
while the use of Syzygium aromaticum, Erythrina variegata and Leucaena
leucocephala shade plants has the same temperature. Air humidity between 65
- 75% so that the use of four kinds of shade also meets the requirements for
growing vanilla plants. The intensity of sunlight in the shade of Erythrina
variegata plants 31%, Leucaena leucocephala 49%, Gliricidia sepium 59% and
shade of Syzygium aromaticum plants 62%. This shows that Erythrina variegata
and Leucaena leucocephala plants are suitable types of plants for vanilla plant
shade, because vanilla plants require 30-50% sunlight intensity. This result in
line (Rosman, 2020), that Erythrina variegata and Leucaena leucocephala trees
qualify as shading plant of vanilla.

Sunlight intensity is a factor that influences the growth and production of
vanilla plants. In the vegetative phase, lower sunlight intensity is needed than
during the generative phase. The intensity of ray influences the temperature and
humidity of the air. There is a close relationship between the intensity of sunlight
received by vanilla plants with air humidity and temperature. This is shown by
the results of correlation analysis, where there is a positive correlation between
the sunlight intensity and air humidity (r = 0.712) and between the intensity of
rays and temperature (r = 0.56). The results of the correlation analysis between
temperature factors and air humidity factors also showed a positive correlation
(r = 0.977). This shows a close relationship between temperature and air

humidity.

b.Chlorophyll

Chlorophyll levels are one of the main factors affecting the photosynthetic
ability of plants. The use of shade in the form of Erythrina variegata plants can
markedly increase levels of chlorophyll A, chlorophyll B and total chlorophyall.
There was a marked difference between chlorophyll A, chlorophyll B and total
chlorophyll levels when shading Erythrina variegata plants with Leucaena

leucocephala, Syzygium aromaticums and Gliricidia sepium (Table 2).

Table 2. The Effect of Shade on the Physiological Properties of Vanilla Plants




Note : Numbers followed by the same letters in the column show a significance difference in the

Types of Shade Parameters
Chlorophyll A Chlorophyll B Total Proline Relative
(unit) (unit) Chlorophyll content  water
(unit) (umol/g) content
(%)
Gliricidia sepium 14,087 b 3670,191 c 26,203 c 0,066c 20,899b
Syzygium aromaticum 13,568 d 1885,965 d 22,254d 0,157 a 13,797d
Erythrina variegata 14,607 a 7484,309 a 31.910 a 0,059 d 29,163 a
Leucaena leucocephala 14,401 c 4999,367 b 28.542 b 0,073 b 20,825 c

confidence level of 5%.

The levels of chlorophyll a, chlorophyll b and total chlorophyll levels are
opposite to the intensity of sunlight the vanilla plant receives. This is shown by
the results of correlation analysis which shows a negative correlation between
the intensity of sunlight with chlorophyll A levels ( r = - 0.787), chlorophyll B (r
= - 0.917) and total chlorophyll levels (r = - 0.865). The intensity of sunlight in
the shade of Erythrina variegata is 31%, Leucaena leucocephala 49%, Syzygium
aromaticums 59% and Gliricidia sepium 62%. This result is in line with the
results of previous studies on pineapple plants. Pineapple plants are CAM plants
like vanilla, and high light intensity in pineapple plants also reduces chlorophyll
levels (Rodriguez-Escriba et al., 2015). Different research results are found in
plants Aralia errata which is a C3 plant, which is manifestly picmen
photosynthesis of chlorophyll A, chlorophyll B and total chlorophyll decreases
when the degree of shade increases or light intensity decreases (reduction in
chlorophyll content is directly follow to reduce light intensity) (Gao et al., 2019).
The environmental factors such as light intensity have different effects on the
arrangement and role of the photosynthetic organs from C3 and C4 species (Hu
et al., 2023). The results of this study are the same with research conducted
by (Juhaeti et al., 2020) that chlorophyll levels increase to 50% in the presence
of 50% shade and decrease when shade is 75%.

Chlorophyll B occurs due to the adaptation of chlorophyll A to shaded plant
conditions. Chlorophyll B occurs from chlorophyll A which undergoes oxidation
so that the CH3 groupin ring II in chlorophyll A turns into an aldehyde group on
chlorophyll molecule B. The important differences between chlorophyll A and B
is its usefull in photosynthesis, namely chlorophyll A is the main pigment that

plays a role in photosynthesis while chlorophyll B is an supporting pigment to




collect energy and be converted into chlorophyll A. Chlorophyll B is needed to
stabilize the main light-chatching chlorophyll binding protein. Chlorophyll B is
synthesized from chlorophyll A and catabolized after being converted back into
chlorophyll A (Tanaka & Tanaka, 2011). The results showed that in vanilla plants
chlorophyll A levels and chlorophyll B levels markedly increased at low light
intensity (Erythrina variegata tree shade). The intensity of sunlight received by
plants becomes lower if using shade trees with increasingly dense leaves or large
leaves. Erythrina variegata plants have wider leaves so that the intensity of
sunlight received by vanilla plants is lower. Low light intensity causes air
temperature and humidity to decrease (Table 1). Environmental conditions such
as air temperature and humidity greatly affect plant chlorophyll levels. Under
low light intensity conditions, chloroplasts of CAM plants contain more
photosynthetic picmen per unit volume. According to (Sopandie, 2013) In an
effort to increase the efficiency of light capture, namely at low light intensity,
plants will reduce the light transmitted, namely by increasing the number of
chloroplasts and increasing the pigment content per chloroplast. According to
(Ko et al., 2020) Vanilla planifolia is very susceptible to high radiation. Vanilla
chloroplasts started to decreased when blue light was higher than 20 umol
-2.-1

m “s

The high intensity of sunlight increases the temperature. Increased
temperature also decreases chlorophyll A levels, chlorophyll B and total

chlorophyll levels.
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Figure 1. Graph of the Relationship between Temperature and Content of Chlorophyll A,
Chlorophyll B and Total Chlorophyll.

This is shown by the results of regression analysis between temperature

and chlorophyll A levels ( y = - 0.0263 x + 18.848), chlorophyll B levels (y = -




279.92 x + 11788) and total chlorophyll levels (y = - 0.3413 x + 36.102) (Figure
1). The results of this study are different form the results of research on orchid
plants which are CAM plants. Most orchids, like vanilla plant can adapt to their
light environments through morphological and physiological characteristic
(Zhang et al., 2018). Blue red photoselective shade netting increased chlorophyll
content and maximum quantum yield of photosystem II of vanilla plant In orchid
plants, low temperatures further reduce chlorophyll A, chlorophyll B levels and

the higher the air temperature chlorophyll levels higher (Daems et al., 2022).

c. Proline

Proline is an osmolytic compound so that plants become resistant to drought
stress (drought tolerance) through osmotic adjustment mechanism. Light is a
factor that greatly influences the growth, development and physiological
processes of plants. Plants have the ability to adjust metabolism to
environmental changes such as light by accumulating proline. When the light
intensity is very high, the accumulation of proline is three times greater than
when the light intensity is normal (Kovacs et al., 2019). The results showed that
the use of Syzygium aromaticum shade increased proline levels and was
significantly different from Erythrina variegata, Gliricidia sepium, and Leucaena
leucocephala shade. The intensity of sunlight received by vanilla plants was
lower when given Erythrina variegata shade (31%) so that proline levels were
lower. Conversely, the shade of Syzygium aromaticum plants causes the
intensity of sunlight received by vanilla plants to be high so that proline levels
are higher. There is a close relationship between sunlight intensity and proline
levels. The results of the correlation analysis showed a positive correlation
between the intensity of sunlight and proline levels (r = 0.484). These results
are not in line with the results of research conducted by (Kwak et al., 2011) that
oak plant proline accumulates more at very low sunlight intensities, as well as
in plants Aralia errata indicates that the maximum proline content at 80% shade
(Gao et al., 2019). Proline content in leaves increased in the CAM orchids after
7 weeks of drought under moderate light (Tay et al., 2019).

The results of regression analysis showed a positive linear regression

between light intensity and proline levels (y = 0.0016x + 0.0087). This suggests




that an increase in sunlight intensity is followed by an increase in proline levels,
whereas a decrease in sunlight intensity will be followed by a decrease in proline

levels (Figure 2).
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Figure 2. Graph of the Relationship between Temperature and Light Intensity with Proline

Levels
The increase in air temperature that occurs when the intensity of the rays
is higher causes the proline levels of vanilla plants to be lower even though the
decrease is not too large. This is shown by the results of regression analysis
between air temperature and proline levels (y = - 0.0075 x + 0.2847 (Figure 2).
The results of the study are not in line with the results of research on tomato
plants which are C3 plants, where in tomato plants proline levels are higher

when the temperature is higher (Suminar et al., 2021).

d.Relative Water Content

Relative water content is related to cell volume and can indicate a balance
between the amount of water absorbed and the amount of water transpired.
Plants that have a high relative moisture content are more resistant to drought
stress. The results showed that the type of shade significantly affects the relative
moisture content. The results of the correlation analysis show a negative
correlation between the intensity of light and the relative moisture content (r =
- 0.839), an increase in sunlight intensity will reduce the relative moisture
content of leaves. This result is in line with previous research on moderate to
high light intensity and low to moderate relative moisture content can increase

plant growth and yield Dendrobium nobile Lindl (Li et al., 2017).

The results of regression analysis showed a negative linear regression

between light intensity and relative water content (y = - 376.88 x + 40110).




This shows that an increase in light intensity is followed by a decrease in relative
moisture content, and conversely a decrease in light intensity is followed by an

increase in relative water content (Figure 3).
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Figure 3. Graph of the Relationship between Light Intensity and Relative Water Content

In CAM plants with succulent leaves such as vanilla plants, inside the leaves
there are large vacuoles so that they can store more water (Hu et al., 2023). It
is a strategy of plants to store water in unfavorable conditions such as lack of
water. The relative water content indicates the water status inside the plant. The
higher the relative water content, the more water stored in the network. In
conditions of lack of water, the relative water content is getting lower (Arena,
2020). The intensity of sunlight received by vanilla plants with high shade of
Syzygium aromaticum plants (59%) can increase air temperature so that
evaporation is higher and can reduce the relative water content in the leaves.
Conversely, in the shade of Erythrina variegata plants, the intensity of sunlight
received by vanilla plants is low (31%) so that the air temperature is lower,
evaporation is smaller and the moisture content is large leaf ratio. This is shown
by the results of regression analysis between temperature factors and relative
water content (y = - 90.667 x + 23539). The results of regression analysis, it
shown that the increase in air temperature causes the relative water content to

be lower (Figure 3).

CONCLUSION

Erythrina variegata and Leucaena leucocephala are plants that qualify as
shading plants for Vanilla planifolia. The use of shading plants increased
chlorophyll A content, chlorophyll B, total chlorophyll levels and relative water
content but decreased vanilla plant proline levels. Higher sunlight intensity




decreases chlorophyll A, chlorophyll B, total chlorophyll and relative water
content but high sunlight intensity increases vanilla plant proline levels.

ACKNOWLEDGMENTS

We express our thanks to the Institute for Research and Community Service of
the STIPER Yogyakarta Agricultural Institute for the research funding provided
in 2023 and to the Ayem Farmer Group of Sinogo, Pagerharjo, Samigaluh,
Kulonprogo Village who have provided research places and materials.

BIBLIOGRAPHY

Andrade, A., Delgado, A., Herrera, C., Bustaman, G., Soto, H., & Guizar, G. (2023). Relative
Humidity and Photosynthetically Active Radiation Influence the Vanilla planifolia Fruit Yield.
Tropical and Subtropical Agroecosystems, 26, 1-12.

Arena, C. (2020). ( ADP-Ribose ) Polymerase Activity in a Facultative CAM Plant Exposed to Long-
Term Water Deprivation. Plants, 9(1192), 1-14.

Daems, S., Ceusters, N., Valcke, R., & Ceusters, J. (2022). Effects of chilling on the photosynthetic
performance of the CAM orchid Phalaenopsis. Frontiers in Plant Science, 13(November), 1-17.
https://doi.org/10.3389/fpls. 2022981581

Fouché, J. G., & Jouve, L. (1999). Vanilla planifolia : history , botany and culture in Reunion island
To cite this version : Vanilla planifolia: history , botany and culture in Reunion island. EDP
Sciences, 19(8), 689-703.

Gao, Z.,Khalid, M., Jan, F., Saeed-ur-Rahman, Jiang, X, & Yu, X. (2019). Effects of light-regulation
and intensity on the growth, physiological and biochemical properties of Aralia elata (miq.)
seedlings. South African Journal of Botany, 121, 456-462.
https://doi.org/10.1016/j.sajb.2018.12.008

Gomez-Bellot, M. J_, Sanchez-Blanco, M. J_, Lorente, B., Vicente-Colomer, M. J., & Ortuiio, M. F.
(2023). Effects of Light Intensity and Water Stress on Growth, Photosynthetic Characteristics
and Plant Survival of Cistus heterophyllus Desf. Subsp. carthaginensis (Pau) M. B. Crespo &
Mateo. Horticulturae, Y8). https://doi.org/10.3390/horticulturac9080878

Henuhili, V. (2004). Budidaya Tanaman Vanili. Jurdik Biologi, 1-10.
http://staff uny .ac.id/sites/default/files/pengabdian/ir-victoria-henuhili-msi/budidaya-tanaman-
vanili.pdf

Hu, C., Mascoli, V., Elias, E., & Croce, R. (2023). The photosynthetic apparatus of the CAM plant
Tillandsia flabellate and its response to water deficit. Journal of Plant Physiology,282,153945.
https://doi.org/10.1016/j.jplph.2023.153945

Juhaeti, T., Setyowati, N., & Syarif, F. (2020). The chlorophyll contents and growth performances of
west java (Indonesia) jobtears (coix lacryma-jobi) accessions under low light intensity
conditions. Biodiversitas,21(11),5178-5185. https://doi.org/10.13057/biodiv/d211124

Kitai, K., & Lahjie, A. M. (2016). Sunlight environment for vanilla planifolia cultivated by
agroforestry system in East Kalimantan. International Journal of Agroforestry and Silviculture,
3(10), 232-245. www .internationalscholarsjournals org

Ko,S.S8.,Jhong, C. M., Lin, Y.J.,Wei,C. Y., Lee, J. Y., & Shih, M. C. (2020). Blue light mediates
chloroplast avoidance and enhances photoprotection of vanilla orchid. International Journal of
Molecular Sciences, 21(21), 1-17. https://doi.org/10.3390/ijms212 18022

Kovacs, H., Aleksza, D., Baba, A_ 1., Hajdu, A, Kirdly, A. M., Zsigmond, L, Téth, S. Z., Kozma-
Bognir, L., & Szabados, L. (2019). Light Control of Salt-Induced Proline Accumulation Is
Mediated by Elongated Hypocotyl 5 in Arabidopsis. Frontiers in Plant Science, 10(December),
1-14. https://doi.org/10.3389/fpls.2019.01584

Kwak,M.J.,Lee, S.H., & Wo00,5.Y.(2011). Physiological and biochemical traits of different water




and light intensities on cork oak (Quercus Suber L.) seedlings. African Journal of Biotechnology,
10(68), 15305-15319. https://doi.org/10.5897/AJB11.2845

Li,J.L.,Zhao,Z.,Liu,H.C.,Luo,C.L., & Wang,H. L. (2017). Influence of light intensity and water
content of medium on total dendrobine of Dendrobium nobile Lindl. Asian Pacific Journal of
Tropical Medicine, 10(11), 1095-1100. https://doi.org/10.1016/j.apjtm.2017.10.015

Moreno, F., & Gantiva, E. (2017). Effects of light intensity on the morphology and CAM
photosynthesis of Vanilla planifolia Andrews. Revista Facultad Nacional de Agronomia, 70(1),
8023-8033. https://doi.org/10.15446/rfna.v70nl.61736

Parada-Molina, P. C., Pérez-Silva, A., Cerddn-Cabrera, C. R., & Soto-Enrique, A. (2022). Climatic
and microclimatic conditions of vanilla (Vanilla planifolia Jacks. ex Andrews) production
systems in Mexico. Agronomia Mesoamericana, 33(2).
https://doi.org/10.15517/am.v33i2 48682

Puthur, J. (2005). Influence of Light Intensity on Growth and Crop Productivity of Vanilla planifolia
Andr . Gen Appl. Plant Physiology, 31(3-4), 215-224.

Rahman, K. U., Thaleth, M. K. Bin, Kutty, G. M., & Subramanian, R. (2019). Pilot scale cultivation
and production of vanilla planifolia in the united arab emirates. Bulgarian Journal of
Agricultural Science, 25(6), 1143-1150.

Ramirez-Mosqueda, M. A, Iglesias-Andreu, L. G., & Luna-Sanchez, 1.1.(2017). Light quality affects
growth and development of in vitro plantlet of Vanilla planifolia Jacks. South African Journal
of Botany, 109, 288-293. https://doi.org/10.1016/j.5ajb.2017.01.205

Rosman, R.(2015). Status dan Strategi Pengembangan Panili di Indonesia. Perspektif, 4(2), 43-54.

Rosman, R. (2020). Peran Teknologi Pembungaan dalam Menentukan Produski Tanaman Vanili
(Vanilla planivolia Andrews). Warta Balittro, 37(74), 1-3.

Sopandie, D. (2013). Fisiologi Adaptasi Tanaman (terhadap Cekaman Abiotik pada Agroekosistem
Tropika) (Pertama, Vol. 1). PT Penerbit IPB Press.

Suminar, E., Mubarok, S., Nuraini, A., Ezura, H., & Fitriatin, F. W. (2021). Kandungan Prolin,
Klorofil, dan Hasil Tanaman Tomat Mutan IAA9 pada Kondisi Cekaman Suhu Tinggi.
Agrikultura, 31(3), 280. https://doi.org/10.24198/agrikultura.v31i3.30924

Supriadi, H., Hadad E.A, M., & Wardiana, E. (2014). Analisis Komponen Hasil Vanili Alor Pada
Beberapa Agroekologi Di Nusa Tenggara Timur. Jurnal Penelitian Tanaman Industri, 20(3),
142. https://doi.org/10.21082/jlittri.v20n3.2014.142- 150

Tanaka, R., & Tanaka, A. (2011). Chlorophyll cycle regulates the construction and destruction of the
light-harvesting complexes. Biochimica et Biophysica Acta - Bioenergetics, 1807(8), 968-976.
https://doi.org/10.1016/j.bbabio.2011.01.002

Tay,S.,He.J.,& Yam, T. W.(2019). CAM plasticity in epiphytic tropical orchid species responding
to environmental stress. Botanical Studies, 60(1). https://doi.org/10.1186/s40529-019-0255-0

Tombe, M., M, Y., Wiratno, Endang, H., Tatang, H., Taryono, & Rival, A. M. (2001). Budidaya
Panili (pp. 1-29). Balai Penelitian Tanaman Rempah dan Obat Bogor.

Wang, H., Wang, X. Q., Xing, Y. Z., Zhao, Q. Y., Zhuang, H. F., & Huang, W. (2022). Regulation
of Chloroplast ATP Synthase Modulates Photoprotection in the CAM Plant Vanilla planifolia.
Cells, 11(10), 1-13. https://doi.org/10.3390/cells1 1101647

Yustiningsih, M. (2019). Intensitas Cahaya dan Efisiensi Fotosintesis pada Tanaman Naungan dan
Tanaman Terpapar Cahaya Langsung. BIOEDU, 4(2), 43-48.

Zhang, S_, Yang, Y., Li, J., Qin, J., Zhang, W_, Huang, W ., & Hu, H. (2018). Physiological diversity
of orchids. Plant Diversity, 40(4), 196-208. https://doi.org/10.1016/j.pld.2018.06.003







PHYSIOLOGICAL CHARACTERS OF VANILLA PLANT (Vanilla
planifolia Andrew) IN VARIOUS TYPES OF SHADE PLANTS

ORIGINALITY REPORT

18, 144 144 3

SIMILARITY INDEX

INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

.

journal.ugm.ac.id

Internet Source

(K

=)

sid.ir

Internet Source

(K

e

www.researchgate.net

Internet Source

(K

-~

Merve Yuce, Melek Ekinci, Metin Turan,
Guleray Agar, Murat Aydin, Emre Ilhan, Ertan
Yildirim. "Chrysin mitigates copper stress by
regulating antioxidant enzymes activity, plant
nutrient and phytohormones content in
pepper", Scientia Horticulturae, 2024

Publication

(K

Zamin S. Siddiqui, Jung-Il Cho, Sung-Han Park,
Taek-Ryoun Kwon et al. "Phenotyping of rice
in salt stress environment using high-
throughput infrared imaging", Acta Botanica
Croatica, 2014

Publication

(K




jurnal.unimor.ac.id

Internet Source

(K

=

Chen Hu, Vincenzo Mascoli, Eduard Elias,
Roberta Croce. "The photosynthetic
apparatus of the CAM plant Tillandsia
flabellate and its response to water deficit",
Journal of Plant Physiology, 2023

Publication

(K

Qing Huang, Qunhui Wang, Wenjie Tan,
Guanling Song, Guilan Lu, Fasheng Li.
"Biochemical Responses of Two Typical
Duckweeds Exposed to Dibutyl Phthalate",
Journal of Environmental Science and Health,
Part A, 2006

Publication

(K

jurnal.unimus.ac.id

Internet Source

(K

—_
o

isiarticles.com

Internet Source

(K

Sumiyati, I A G B Madrini, I W Tika. "The effect
of screen materials on the microclimate and

growth of chili pepper plant”, IOP Conference
Series: Earth and Environmental Science, 2021

Publication

<1%

Submitted to Valencia College
Student Paper

<1%




13 moam.info <1 o

Internet Source

Ryouichi Tanaka, Ayumi Tanaka. "Chlorophyll <1 o
cycle regulates the construction and
destruction of the light-harvesting
complexes”, Biochimica et Biophysica Acta
(BBA) - Bioenergetics, 2011

Publication

www.ncbi.nlm.nih.gov

Internet Source <1 %
d-nb.info

Internet Source <1 %
www.frontiersin.org

Internet Source <1 %

A Ruswanto, A H Ramelan, D Praseptiangga, I <1 o
B B Partha. "The study of carotene content °
and iodine value of oil from different ripening

levels and storage duration of palm fresh fruit
bunches", IOP Conference Series: Earth and
Environmental Science, 2021

Publication

—
(0.0]

I. Lopez-Cantarero, F. A. Lorente, L. Romero. "
- . <1w
Are chlorophylls good indicators of nitrogen
and phosphorus levels? ", Journal of Plant
Nutrition, 1994

Publication




www.mdpi.com
Internet Sourcep <1 %
Submitted to Savitribai Phule Pune Universit
Student Paper y <1 %
bioinfopublication.or
Internet SouE)ce g <1 %
citeseerx.ist.psu.edu
Internet Source p <1 %
ejournal.uniks.ac.id
InJcernet Source <1 %
Florin Razvan Lupsa-Tataru, Radu Constantin <1 o
Lixandroiu, Dana Adriana Lupsa-Tataru. "A ’
Sustainable Analysis Regarding the Impact of
Tourism on Food Preferences in European
Capitals", Sustainability, 2023
Publication
J Burdon, C Clark. "Effect of postharvest water 1
] 1], H H ] < %
loss on ‘Hayward' kiwifruit water status",
Postharvest Biology and Technology, 2001
Publication
Submitted to Monash University Sunway <1
C . %
ampus Malaysia Sdn Bhd
Student Paper
doi.or
Internet ngrce <1 %




dspace.lboro.ac.uk
InterpnetSource <1 %
biodiversitas.mipa.uns.ac.id
Internet Source p <1 %
repositori.usu.ac.id:8080
InteE:]et Source <1 %
Kobra AhmadiChashmi, Vali Ollah Ghasemi <1 o
Omran, Raheleh Ebrahimi, Hosein Moradi, ’
Vahid Abdosi. "Light Quality Affects
Protocorm-Like Body (PLB) Formation,
Growth and Development of In Vitro Plantlets
of Phalaenopsis pulcherrima", Biology
Bulletin, 2022
Publication
Qi Meng, Yi Wang, Tao Yuan, Yang Su, Jianxun <1 y
Ge, Shankun Dong, Shui Sun. "Association ’
between combined exposure to dioxins and
arthritis among US adults: a cross-sectional
study", Environmental Science and Pollution
Research, 2023
Publication
Z. Gao, M. Khalid, F. Jan, Saeed-ur-Rahman, X. <1 o

Jiang, X. Yu. "Effects of light-regulation and
intensity on the growth, physiological and
biochemical properties of Aralia elata (miq.)
seedlings", South African Journal of Botany,
2019



Publication

faculty.kashanu.ac.ir

Internet S%J/urce <1 %
www.qgrafiati.com

Internet Sogurce <1 %
www.plantstress.com

Internet Scr))urce <1 %
WWW.science.qov

Internet Source g <1 %

Yuanyuan Xu, Yuyao Liang, Mei Yang. "Effects <1 o
of Composite LED Light on Root Growth and ’
Antioxidant Capacity of Cunninghamia
lanceolata Tissue Culture Seedlings", Scientific
Reports, 2019
Publication
academic.oup.com

Internet Source p <1 %

smujo.id <1
Internet Source %
watersa.net

Internet Source <1 %
www2.mdpi.com

Internet Source p <1 %

Shawn Tay, Jie He, Tim Wing Yam. "CAM <1 o

plasticity in epiphytic tropical orchid species



responding to environmental stress",
Botanical Studies, 2019

Publication

Hui Wang, Xiao-Qian Wang, Yi-Zhang Xing, <1 o
Qing-Yun Zhao, Hui-Fa Zhuang, Wei Huang.
"Regulation of Chloroplast ATP Synthase
Modulates Photoprotection in the CAM Plant
Vanilla planifolia”, Cells, 2022

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



